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Abstract 
How to build a quick and cost-effective energy supply network which is as easy as the station is a new complex 
planning problem. Firstly the paper discusses the problems that are related to the construction of charging facilities. 
Then the analytic hierarchy process (AHP) is applied to establish the evaluation models for the functional area and 
the service window. Finally, the entire energy supply network gets a reasonable and orderly control, with good social 
benefits achieved. 
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1. Introduction 
Charging station is the site to charge electric cars, which is similar to the gas station. As low-carbon 
economy becomes the main theme of China's economic development, electric vehicles as a new energy 
strategy and an important component of smart grid, will become the key point of the developing of 
China's automotive industry and the energy industry in the future. However, the electric automobile 
industry is a systemic engineering, the battery charging station is one of key links, which needs the 
coordinated development for other domains of the entire industry. In the 2010 meeting of State Grid 
Corporation of China, general manager Zhenya Liu indicated that State Grid Corporation of China would 
put the comprehensive construction of electric automobile battery charging station into practice in 27 
provinces, with the constructing of 75 public battery charging stations and 6209 AC charging piles as well 
as the partial battery replacement stations [1]. As the supporting facility, the construction of battery 
charging station is the absolute foundation during the promoting of new energy automobile. 
With the needing of the instantaneous large electric power for the rapid charging rate, the conventional 
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electrical network is unable to satisfy. A special-purpose charging network must be constructed, which 
involves the reform of the entire national electrical network. Construction of large-scale power stations 
and the renovation of transformers, lines and meters is a time-consuming, costly and complex systemic 
engineering. In addition, it is difficult to monitor and manage a large number of distributed charging 
facilities, the great development of fast-charge will make harmonic pollution prominent, with the raising 
of the cost of treatment [2]. In short, to build a rapid, economical and efficient energy supply network, 
which is as easy as the station, is a complex, planning and control problem, which requires a 
comprehensive consideration of technology trend and actual conditions. 
Among many factors in the construction of charging facilities, there are both quantitative factors and 
qualitative factors, and the relationship between various factors is very complex, which makes decision-
making problems more difficult. With a high degree of logicality, system, concision and function, 
analytic hierarchy process (AHP) is a combination of qualitative and quantitative, which is effective for 
multi-level, multi-objective decision-making and planning. The successful application of AHP in the 
reforming of power grids in the city, gives us enough confidence in the construction of charging facilities, 
which will be proved with a practical value in the future. 
2. Problems Related to Charging Facilities 
2.1.  Principles of layout for charging facilities  
• Charging stations include: carriageway, parking space, charger, control room, office and facilities 
of power supply. 
• Charging stations should be designed to facilitate the entry and exit of vehicles, and maximize the 
security during the operation [3]. 
• The master plan of charging station should coordinate with the regional plan and town planning, 
and also meet the requirement of environmental protection and fire safety, in addition, it should make full 
use of the nearest power supply, transportation, fire protection, drainage and other public facilities [4]. 
• The master plan of charging station should give full consideration to the harmonic pollution which 
is brought during the great developing of the fast charging. 
2.2.  Modes for the building of charging stations 
Combining the trend of electric vehicles and energy supply patterns for electric vehicles[5]-[12], this 
paper holds that there will be 3 typical modes for the building of charging stations in the future. 
2.2.1. Model I 
 In regards to residential areas and the special car park near commercial buildings,  a certain amount of 
intelligent ground charging piles and a small amount of smart ground chargers are most appropriate. The 
intelligent ground charging pile is 220V or 380V AC power interface, the smart ground charger provides 
emergency charging services for electric vehicles. This model is fit for small electric cars, PHEV and so 
on. The structure of model I charging station is shown in Fig. 1. 
2.2.2. Model II 
 A certain number of smart ground chargers charge vehicle batteries through special connectors of 
electric vehicles in the special car park. This model is fit for electric buses, electric sanitation trucks and 
so on. The structure of model II charging station is shown in Fig. 2. 
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Fig. 1. Structure of model I charging station.                      Fig. 2. Structure of model II charging station. 
2.2.3. Model III 
 Some installations like the charger for the battery pack, emergency chargers for electric vehicles, 
equipment for rapid replacement of the battery and a special power distribution system (including the 
equipment of harmonic centralized management), are essential in the station, where electric cars can get 
the battery replacement service. This model is designed for vehicles, such as large electric buses and large 
electric sanitation trucks, whose daily driving needs can not be met for only one charging. The structure 
of model III charging station is shown in Fig. 3. 
 
Fig. 3. Structure of model III charging station. 
2.3. Energy supply pattern 
At present, there are mainly two energy supply patterns for electric vehicles abroad: one is self-
charging pattern, the other is battery-changing pattern [1]. 
2.3.1. Self-charging pattern 
 As the focus of many countries’ research, self-charging pattern includes the conventional charging and 
fast-rate charging. The former can take full advantage of the time when electricity consumption is low at 
night to charge, with the normal need of energy supplement met, which mainly is used in residential area 
1086  Biao Li and Xianrong Chang / Energy Procedia 12 (2011) 1083 – 10894 Biao Li  et al. / Energy Procedia 00 (2011) 000–000 
or the large parking lot near the large office. The latter needs a high current in a short time to charge the 
battery for the vehicle to meet the special circumstance, which mainly is used in the main building in 
public places like the airport, train station, hospital, shopping center, gas station and so on. Fast-rate 
charging need to consider the battery and the vehicle as a whole, the key of the size of the development is 
the ability to develop and produce "large capacity, low cost, fast charging, long life" battery products, 
meeting the needs of the user conveniently. 
2.3.2. Battery-changing pattern 
For battery-changing pattern, the vehicle and the battery are considered separately. The user only need 
to buy a car, leaving the leasing company to provide the service like battery charging, maintenance, 
replacement and recycling. Batteries are collected and charged in a large charging center, and then they 
are carried to the various network stores where the driver can change the battery conveniently. 
What kind of pattern to select depends on the comprehensive consideration of technology trend and 
actual conditions. Some important aspects should be considered: firstly, the popularity of the network and 
its simple use depend on the difficulty of the construction of energy supply network; secondly, the overall 
economy for users relates to the competition of the supply pattern; thirdly, the sustainable development of 
the energy supply network is determined by the model of profitability for the energy supply provider. 
3. The Application of Analytic Hierarchy Process in the Planning of Energy Supply Network 
There is no doubt that the city is the key point in the beginning of the popularity of electric vehicles. In 
China, most of the people in the city live in high-rise buildings, and parking is extremely tight, however, 
the situation is different in western countries where most of families have their own garages or dedicated 
parking spaces. In short, the construction of many power stations in residential areas and public places 
will face the problem of renovations of transformers, lines and meter, which is a time-consuming, 
complex and systemic engineering.  
The comprehensive evaluation of AHP needs to establish a hierarchy of decision problem. The 
establishment of hierarchy is the key point for simplification of the complex problem, which must be 
based on the profound analysis for the decision-making problems and the full understanding for the goal 
and intention of the main part of the decision-making problem. The process for the establishment of the 
hierarchy is that: firstly, confirm the target of decision making; secondly, set out correlative factors (also 
known as standard or property), then analyzes the logical relationship between these factors; finally, give 
the structure drawing of decision making. The goal of the comprehensive evaluation for each functional 
area is to determine the priority for the planning of the charging station in each functional area, with good 
social and economic benefits achieved [13] - [15]. 
Aiming at the construction of energy network, this paper proposes a new decision-making method. The 
general idea is: bring the construction of energy networks into the planning of the urban and urban 
network; divide the entire energy network into several small functional areas according to the function of 
the city; apply AHP to the entire network and each small functional area, then get the priority value after 
evaluating. The whole work needs to be divided into two phases. 
3.1. Phase I: determine the order of priority for the construction of each charging station service area in 
the whole energy supply network 
The entire energy supply network would be divided into several small functional areas according to the 
different functional areas of the city. The charging station service area would be planned in each 
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functional area. AHP is applied to the entire network to determine the order of priority for the 
construction of each charging station service area in the whole energy supply network. 
According to the overall goal of AHP, indicators like "urban environment", "user group", "impact on 
the local power grid", "project economy" and "regional geography" would be applied to evaluate different 
service areas, with the order of priority for the construction of each charging station service area 
determined. 
"Urban environment" occupies an important position among all the indicators, the construction of the 
energy supply network should not sacrifice  the urban environment, nor the criss-cross and disorderly of 
overhead power lines. 
"User group" refers to the analysis for different users of different functional areas. A city can generally 
be divided into several functional parts like industrial park, commercial area, general residential area, 
high-end residential area, schools, entertainment area, beautiful spot and so on. Different users have 
different needs for energy, which is essential to the energy supply network. 
"Impact on the local power grid" mainly refers to the harmonic pollution influence for the local power 
quality. For the pool of sophisticated technology industrial park which have special requirement on power 
quality, good power quality must be guaranteed. The problem that development of fast-charging will lead 
to harmonic pollution cannot be ignored. 
"Project economy" refers to the saving of investment cost in this region relative to the situation in other 
regions. For the cost of entire construction of the energy network is huge, the economy is an important 
indicator. 
"Regional geography" mainly refers to the location of the region in the planning of the city. Generally 
the construction of the city would be carried out according to the order, which is: firstly inner ring, 
secondly inner and outer ring, finally the outer ring. The corresponding energy network planning should 
also consider this principle. In a word, "regional geography" is also a factor which should be considered 
for reference. 
After the completion of the target for levels of decision-making and the evaluation criteria are 
confirmed, it is necessary to determine the programs to be evaluated, which is the case of functional areas. 
Therefore, the entire energy supply network service area needs to be divided into different areas. Before 
the dividing, a analysis of the survey which refers to the situation of urban planning and the distribution 
of users should be carried out. A city can generally be divided into several functional parts like industrial 
park, commercial area, general residential area, high-end residential area, schools, entertainment area, 
beautiful spot and so on. These functional areas are objects that we would have the comprehensive 
evaluation. The number of partitions should be neither too much nor too little, generally with the number 
3 to 10 appropriate.  After the overall goal and the program of AHP model are determined, we can create 
the analysis model for charging station construction of functional areas. The analysis model of functional 
areas is shown in Fig. 4. 
 
Fig. 4. The analysis model of functional areas. 
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3.2. Phase II: determine the priority value for the construction of charging station service window in 
every functional area 
According to the overall goal of AHP, indicators like "regional character", "load request", "supply 
pattern ", "economy" would be applied to evaluate different service windows for charging station in every 
functional area. Combining the regional characteristic, a careful analysis of load request for local users 
would be carried out, and the battery charging pattern between the battery charging pattern and self-
charging pattern is selected, ultimately with the type of service windows and the numbers of service 
windows determined. 
"Regional character" is a simply more careful research for the feature of the regional area and the 
location in the whole network. For the entire energy supply network, the programme of the region's 
energy supply should be determined under the considering of its specificity in the whole network. Each 
region has its own characteristics that cannot be replaced. Only each region completes the function of its 
part according to the specific characteristic of the region, can woks the normal operation of the whole 
energy supply network. 
"Load request” is a crucial indicator which plays a key role during the confirming of the supply 
programs in each region. Different functional areas have different user groups, with load requirements 
different. The problem that is how it can be more convenient, more economical and more reliable is 
crucial. Customer‘s satisfaction is the best ruler of evaluation. 
"supply pattern" is used to determine the pattern of service windows in charging stations for different 
users who can make a chose between the battery charging pattern and self-charging pattern according to 
their requirements. Ultimately, the type and the proportion of the service window could be determined. 
"Economic” refers to the economy within the region. The patter of supply should be chosen to 
maximize the interests of the economy and to satisfy the request of the customer, with the economy 
within the region achieved. 
Based on the above indicators, the optimal patter of supply could be confirmed to achieve the economy 
within the region, with the load requirements met. After the overall goal, rule and the program of AHP 
model are determined, we can create the analysis model for service windows of charging station in each 
functional area. The analysis model of service windows is shown in Fig. 5.  
 
Fig. 5. The analysis model of service windows. 
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4. Conclusion 
Ultimately, the planning and controlling work of the entire energy supply network which is based on 
the unit of the charging station is complete. The entire energy supply network gets a reasonable and 
orderly control, with good social benefits achieved. 
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